The Parts-of-file File System by Padioleau, Yoann & Ridoux, Olivier
HAL Id: inria-00071803
https://hal.inria.fr/inria-00071803
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
The Parts-of-file File System
Yoann Padioleau, Olivier Ridoux
To cite this version:
Yoann Padioleau, Olivier Ridoux. The Parts-of-file File System. [Research Report] RR-4783, INRIA.
2003. ￿inria-00071803￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
47
83
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
The Parts-of-file File System
Yoann Padioleau — Olivier Ridoux
N° 4783
March 2003
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 Rennes Cedex (France)
Téléphone : +33 2 99 84 71 00 — Télécopie : +33 2 99 84 71 71
 
	! "#$&%
')(#*,+-+/.0*21-34(5768*29:<;573>=3468?!@A341-(9B
CEDFGIHJKML0NOPQH
RTSVUWPTXPQHR
HYZX[\R]X^R`_bacG)d2SVRTPTe8^H
fhgiS\jkHYZl[\OmH
n&[\oo2SVgbY&mpH
giHXqDHgiXqDHOr$sct\uVvwKyxz[VgiXqD{J\|W|Vv}K~s!o,[\UVH_
A$VV H
ogiH_bHO8Y&[OH[a"SVG"[\O[VUVPTOU!RTH}XSVO8YbHO8Yi_pPYq_PQGIoRTHGIHOWYq[YiPQSWO[VOmogbHRQPTGIPQO,[\giaHpo2HgiPQGIHO8Yq[\R
giH_b^RQYi_ZCEDHUWSW[\RPT_&YbSo,HgbGIPQY0_bPQG^RYq[\OHSV^_&gbH[Vm,gbPQYbH[WXXH_b_bH_YbSAmpPQHgiHO8Y>-&SWOz[IRTHVPTO{SVgqmpHgZYbSDHRQowPQO
_bHo[Vgi[\YbPTOU&[^_bHg  _`XSWOXHgbO_H¡VHO
DHO}YiDHa
[VgbH¢OSVY£PTOmpHo2HO,mpHO8Y-¤$PQRTH_$[\giHhXSWO_bPTmpHgbHm}[V_`GISW^O8Y£o,SWPQO8Y-mpPQgiHXYbSWgbPTH_
¥giSVG¦DP]XqD¡cPTH&_SWOYbDHRQH_&[\giH[VXXH_b_bPQdRQH
[V_Z_§^dmpPTgbHX¨YiSVgiPQH_&[\OmRTH_ZPYiD{gbH[Vm[\OmgiPQYbH
o2HgiG!P]_i_§PTSVO_<©ªPQH&_
[VgbHAmH_bPQUWO[YiHm«PQYbD¬RTSVUWPTX[\R¢¥SWgbG^RT[W_mpH_bXgbPTdPTOUwmpH_§PTgbHm«ogiSVo2HgbYbPTH_
SV&¡8PTH&_zCEDHa«XSVO8Yi[VPQO­YiDSW_bHAo[Vg§Yq_
S\YiDH
SWgbPTUVPTO[\RRTH!YbD[\Y}_i[YiPT_§¥aYbDH!¥SWgbG^RT[W_)fhgbSWo,Hg§YiPQH_ª[VgbHI[YbYi[WXqDHmzYbSo[\gbYi_0S\<YbDH!RTH![V^pYbSWG"[YbP]X[VRQRTa{¡cPT[ogiSVUWgi[VGI_
X[\RTRQHm«®4¯b°\±²³´q¯q¨EµRQH!_§ap_§YbHG¶PTO8YbHgb>[VXH
PT_Z^_bHm¥SVg0e8^HgiacPQOU"¡cPTH&_O[¡cPTUW[\YbPTOUId,HYk·HHO{¡cPQH&_2[\Om^o2m[\YbPTOU
¡cPTH¸XSVO8YiHO8Yi_
¹{º8»¼b½¾ ¿$V ,RQH_bap_kYiHGp¡cPQH
p^o2m[YbHWe8^HgiaVpO,[¡8PTUW[\YbPTSVO
  £ "#&% `  
	  $E	-
 "!$#&%')(*#+%,.- /%10
243 6587 3 :9 SW^_hogiN_bHO8YiSVO_-^OH>[<;SVOIOSV^¡VHRTRTHEmH&UVNgbHg¢RQHZXSVO8YbHOc^ImH_-,XqDPQHgi_W_i[0G!P]_bH&HO=
^¡cgiHEHY<RTH_¢ogbHG!PTHgq_
giN_b^RQYi[Yq_Hpo,NgbPTGIHO8Yi[V^p#¢lh  SVdpjkHX¨YbPQ£H_kYmpH}o,HgbGIHY§YbgiH0R4  [VXXF_E_bPQG^RQYi[\ON?>!mpPQ2NgbHOWYiH_0³¨<m#  ^O,XqDPTHgcHOARTHXYb^giH
HYEHOANXgiPYi^gbHWWHYEXHXP[\OmH0XSVO8YbgiPQd^Hg@>)^OHª¡WNgiPYq[\dRTHª_bNo[Vgi[\YbPTSVOmpH_ogbSWdRTFGIH_m#  ^OA^pYiPQRTP]_b[\YbH^gcGBAGIH}eW^,[\Om
XH^pDC XPEOH{_§SWO8Yo[W_!mPT_>jkSVPTO8Yi_ l`H_)2XqDPQHgi_I_bSVO8Y"XSVO,_§P]mpNgiN_!XSWGIG!HmpH_giNo2HgbYbSWPQgiH_o2SVPTOWYq_ImpHG!SWO8Yi[\UWHVhmpHo^P]_
RTH_ie8^HR]_·mH_h¡c^H_·_b^g·RQH_h,XqDPQHgi_·_§SWOWY[VXXH_i_§PTdRTH_hXSVGIGIHªmpH_<_bSV^_EC gbNo,Hg§YiSVPTgbH_-HYmH_<,XqDPTHgq_<[VXXH_b_bPQdRQH_hHO"RTHXYb^giH
HY}HOwNXgiPYi^gbHW
l`H_ª¡c^H_}_bSVO8Y0_bo2NXPQNH_>AR7  [\P]mpHmpH¥SVgiG)^RQH_ZRTSVUWPTe8^H_HY}HRTRTH_}XSWOWYiPQHOOHOWY}RTH_ªo[\gbYbPTH_}mp^w,XqDPTHg
e8^PE_b[\YbP]_k¥SWO8Y)XH_¥SVgiG)^RTH_GFªH_ogbSWogbPTNYiN__bSVO8Y[\Y§Yq[VXqDNH_[V^p­o,[\gbYbPTH_)mH",XqDPTHgq_
¡cPT[wmpH_)ogbSWUVgq[\GIGIH_
[Voo,HRQN_
Yigi[VO_bm^X¨YiH^gq_IHk®7¯b°\±²³´q¯qKJ4LZOH"PQO8YiHgb>[VXHmHA_§ap_§YbFG!H"mpH,XqDPTHg)_§Yi[VOm[\gqm H_§Y^pYbPTRQP]_bNHo2SV^g)RQP]_kYiHg£HcoRQSWgbHg
HY
GIHYbYbgiHM>ªjkSV^gRTH_¡c^H_mpH}>[<;SVOXSWDNgiHO8YbHW
N ¾  ¼ O 3  _§ap_§YbFG!H
mpH}2XqDPQHgi_p¡c^HVpGIP]_§HM>ªjkSW^gpPTO8YbHgbgiSVU8[YbPTSVO£WO[¡cPTUW[\YbPTSVO
 °\¯¨®>
	Q
 v
     
  ¾ ¿5$\ ¾  
   8O º  
JQ~ ©ªPQH·Hm,RQH_¡cPTH&_[\Om¡cPQH/,RQH }
 s
J J µ¸gi^OOPQOUIHp[VGIoRQH 
}
}

0
}
 s
J v  O,mpHpPTOU 0
}

}
}
}

0
}
 !
J s "ª^Hgia8PTOUI[!¡8PTH }
}
}

0
}
 t
J # 9 [¡cPQU8[YbPTOU!d,HYk·HHO¡cPQH&_ 

0
}
 t
J ! LZo2m[YbPTOU 
}

}
}
}

0
}
 t
 4O$ ¾ ¥%7 )  ¿ ¿« 5V 5 º  &
vQ~ ©ªPQH/,RQH_ 
}

}
}
}

0
}
 u
v J 'ªO C4YiDH&C)(aPTOmpHcPTOU«
}
}

0
}
 u
v v *pa8O,XqDgbSWOP,+PTOU¡cPTH&_ }
}

0
}
 -
v s  GIo[WX¨Yq_ESVOS\YbDHgGIHXqD[VOP]_§G"_0
}
 -
v # ¤$PTRQH
SWo,Hgi[\YbPTSVO_ 
}
}
}

0
}
 ~|
 .0/# º  1 ¾   32
4 .0/5 º  7 º  1 ¾  32
#Q~ GIoRTHGIHOWYq[YiPQSWO 
}
}
}

0
}
 ~|
# J76
8"XPQHOXa 
}

}
}
}

0
}
 ~W~
9 2º O4p º ¿ ½)¾ ;: <
& => O4Vp ¾  I  ¿@? 5£65£ º ¿A¥ º \ ¾   3
B C ¾  O 5$1 ¾  3
D E  £	-.4< 
FZ^G"[\O C XSWG!o2SW_bHmYbH8Y-RTH_ H>HV UTogbSWUVgq[\G¸_§SW^gqXHh,RQH_
giHo2SVgbYi_XSVOpUW^gq[YbPTSVO RTH_ J}D[¡WH[RQPQ¥HAXapXRQHIYiD[Y[VR C
YiHgiO[YiH_YiHcYªHmpPQYbPTOUdca[^_§Hg2[\OmzogbSpXH_i_§PTOU"dca[VO
[VooRTPTX[YbPTSVOH¥HW U,QMH>HgigbSWgXqDHXGcPQOUIHXSVGIoPTRT[\YbPTSVO JKJ}SVg
H¥>[\^RQYOmPQOULH£YiH_§YbPTOU JKJ6J¨CEDHIYiHcYHmpPQYbPTOU{oD,[V_bH!giH&C
e8^PTgbH_YbD[\Y$YiDHRTH_¢XRTH[VgbRTa_bHo[Vgi[\YbH·XSVOXHgiO_DHgiH[W_
YiDHogbSpXH_b_bPTOU"oD[W_§HgiHe8^PTgiH_EYiD[YªYbDHRTH_Z[VgbH)H[V_bPTRQa
RTSW[Wm[\dRTHV¢x{SWgbHS¡VHg8_§Ho[\gq[YiPQSWO"S\$XSVOXHgiO_X[\OOS\YEd,H
giH[VRQP,+Hmdca [\Oca_bPTOUVRTHRTH{¥SVgiG"[YEd2HX[\^_bHwXSWOXHgbO,_
SV YbHOS¡WHgiRT[Vo`
 H"PTRTR-Yi[MGWH"[\O­H[\GIoRTH)¥giSVG YbDHmpSWG"[\PTO SV_bS\ YEC
E[\giHzHOUVPTOHHgbPTOU&[W_Hwd2HRTPQH¡VHwYbDH_§H­eW^H_§YbPTSVO_[\giH
¡WHgia PTG!o2SVgbYi[VO8YYbS«YiDPT_mpSWGI[VPQO£ON·SWO_§P]mpHg"gq_kYogiS*C
XHmp^gq[\R-ogiSVUWgi[VGIG!PTOU,APQ	Q°RN0HD[\Y}_bSV^gqXH)RTH_0GISW_§Y
XRQH[\giRQa_§Ho[\gq[YiH0[VgbH
SWo,Hgi[\YbPTSVO_ H>P4 HVT¥^O,X¨YbPTSVO,_ JS6<[WXqD
SWo,Hgi[\YbPTSVO)[Voo,H[\gq_£[W_[0_§Ho[\gq[YiH<XSWOXHgbO£CEDHa}[VgbH[\o C
oRTPTHm{YiSSWdpjkHXYi_ZYbD[\Y0[VgbHOS\Y
XRTH[VgbRTa_bHo,[\gq[YbHm{[Y
[\RTR4
_bPQO,XHhH¡VHgia&SWo,Hgi[\YbPTSVO}[\ooRTPTH_YiS&_§H¡VHgq[\RGcPTOm_#SVpSVdpjkHX¨Y
N·SWO_§P]mpHg£OS SWdpjkHXYEC SVgiPQHOWYiHm0ogiSVUWgi[VG!GIPTOU<PT	Q°SUW[¡[IH
D[\Y·_bSV^gqXHRTH_¢GIS8_kY·XRQH[\giRQa_§Ho[\gq[YiHE[VgbH H4XR][V_i_§H_¢S\ J
SWdpjkHXYi_ 9 S
£H[VXqD XRT[W_b_}SV·SWdpjkHXY)[\oo2H[Vgi_}[V_
[_bHo C
[Vgi[\YbHXSVOXHgiO`2d^pY}SVo2Hgq[YbPTSVO,_ H>P4 HVTG!HYbDSpm_ Jª[\giHOS\Y
XRQH[\giRQaA_bHo,[\gq[YbHm#V OmpHHm#,GIHYbDScm_EYbD[\Y&PQGIoRTHGIHOWY0[
UWPQ¡WHOSWo,Hgi[\YbPTSVO[\giHª_iX[\Y§YiHgiHmIPTO_bH¡VHgi[VRoR][VXH_> OAYbDH
gq_kYIX[V_bHV¢_bHo[Vgi[\YbPTSVO«S\&SWo,Hgi[\YbPTSVO XSWOXHgbO,_G"[MGWH_PQY
H[W_§a«YiS­[Wmm[ OH SVo2Hgq[YiPQSWO`hd^pYmpPW8X^RQY"YbS«[Vmm[
OHYkaco2H
S\-SVdpjkHX¨YS OYbDH)_bHXSVOmX[W_§HWpYbS[Wmm[IOH
Ykaco,H!S\<SWdpjkHXYªP]_0H[V_baVd^YªYiS[Wmmz[OH SWo,Hgi[\YbPTSVO{P]_
X^Gd,Hgi_bSVGIHW> O"d2S\YiDX[V_bH_YiDHRTH¥SVgiG"[Y¢YiD[Y<P]_¢YiDH
GISW_§YXSVOc¡VHOPTHO8Y·YiS!YbDH
ogiSVUWgi[VG ogbSpXH_i_§SWg·P]_EPQGIo2SW_bHm
YbS YbDH^_bHgI[Y!YbDHogiPTXHYiD[Y"_§SWGIHXSWOXHgbO,_)[\giHAOS\Y
XRTH[VgbRTa_bHo,[\gq[YbHm#YX^pY0YbDHgbH)[VgbH)G!SWgbHYbD[VO{Yk·S>[\G C
PQRTPTH_&SVhXSVO,XHgiO_PTO{ogiSVUWgi[VG!GIPTOUZXH_bPTmpH)SVdpjkHX¨Yi_Z[\Om
SVo2Hgq[YiPQSWO_VYbDHgbHª[\giH&OSVO C4¥^O,X¨YbPTSVO,[\RgiHe8^PTgbHGIHO8Yi_<RQP,GVH
_§HX^giPQYkaVRTP¥H!XapXRTHXSWOXHgbO,_ERQP,GVH¡WHgq_§PTSVO,_pHYiX\ 9 S_§PTO C
UVRTH!_bSV^giXH)RTH!¥SVgiG"[Y
X[\O­_§Ho[\gq[YiH)ogiSVo2HgiRTaz[\RTRYiDH_bH
XSWOXHgbO_
CEDPT_EP]_SVORTa[\OH[\GIoRTHªPTOSVOH}mpSVG"[VPQO`cd^Y_bPTG!PTR][\g
H[\GIoRTH_<HpP]_kYPQOG"[VO8aImpSWGI[VPQO£$©¢Hgba!S\ YiHO`cOS!_§PTOUWRQH
RTH)SVgiUW[VOP,+[YiPQSWOX[\Oz_i[YiPT_§¥a[VRQR-mpH_§PTgbHm{_§Ho[\gq[YiPQSWO_ES\
XSWOXHgbO_
*pHo[Vgi[\YbPTSVOwSVXSVOXHgiO_0PT_
[VRT_bS[VO P]_i_§^H!¥SWg
D8^GI[VO C
gbH[Vm[VdRTH}RQH_EYbD,[Yª[VgbH
OSVYZDc^G"[\O C XSWGIo,S8_§Hm#HV UTRTSVU
RTH_DHgiH0YbSIP]_§SWRT[\YbH
[I_§PTOUVRTH
XSWOXHgbOPT_mP[8X^RY
 H0ogbSWo,S8_§Hª[
RTHªG"[VO[\UWHGIHO8Y·_bHgi¡cPTXHYbD[\Yo2HgiGIPYq_
YbS}_kYiSVgiH<,RQH_SV,[\O![\gidPQYbgq[\giaZ¥SWgbG"[YPQO!_§^,XqD[ª[a0YbD,[Y
YbDH)^_§HgZX[VO{G"[\OPTo^R][YiH}YbDHG¶YiDgiSV^UWDogbSVjkHX¨YiPQSWO_ES\
¡[\giPQSW^_)XSVOXHgiO_ CEDPT_gq[\P]_§H_P]_b_b^H_S\]\³¯^ ±`_[\Om
±2°\[_8°®7 ±`_)PQO,_§P]mpH)[!RTH}YbS_§o2HXP¥a >-¨,SVE³a²V°\®4 ±3_[
RTH·YiDgiSV^UWDPQYi_-¡cPTH&_\[\OmS\¢´K\±2´³p¯¨¯b±®c¡cPQH ^om[YiH_
CEDH0RTH0PTRTR#d,HX[\RTRQHm"YbDH!><i²0
	ThCEDH0Yq[V_bG"S\£YiDH
ogiSVo2SW_bHm)_bHgi¡cPTXH·P]_$YbS}G"[\PTO8Yi[VPQOIXSWDHgiHOXH·d2HYkHHO)YiDH
><q²
	Tª[VOm{PQYi_0^om[Yq[\dRTH!¡8PTH&_#[\Omzd,HYk·HHOzYiDH
¡cPQH&_ZYiDHG"_bHRT¡VH_c O­SVgqmpHgZYbSS\Hg
[UWHOHgbP]X)_bHgi¡cPTXHV
YbDP]_ªPT_ZgbH[\RTPW+Hm[Y&YiDHSWo,Hgi[\YbPTOU_§ap_§YbHG¶RTH¡WHR7d*pSYiDH
UVHOHgiPTX0_bHgi¡8P]XH0P]_YbDH
G"[\O,[\UVHGIHO8Y·SV-XSVGIo,S8_§PQYbH0SVo2Hg C
[YiPQOU _§ap_§YbHG SVdjkHX¨Yq_YbDHPTg)o[Vg§Yq_-[\Om­YiDHAXSVDHgbHOXH
S\$YbDH
DSVRTHV
CEDHXgb^p
SVSV^g$ogiSVo2SW_bPYiPQSWO
PT_YiSZ^_bH<¥SWg£YiDH_bHG!HXqD C
[\OP]_bGI_$YiDH&_i[\GIHEPQO8YbHg§>[WXH[V_¢¥SVge
	T^¨® gfqA O"_§DSVgbY
[z><q²)RTHP]_0_§SWG!HD[Y0RQP,GVH![GISV^OWY C7o2SVPTO8YªSV·["RTH
_§ap_§YbHGh*pS&YiDH RQH«_bac_§YbHG S\Hgq_YiDH«PQO8YbHg§>[WXHw¥SVg
e8^HgiacPQOU0¡cPQH&_O,[¡8PTUW[\YbPTOUZd2HYkHHO¡cPTH&_\[\Om^om[Y C
PQOUZ¡cPQH¬XSWOWYiHO8Yi_CEDPT_ogiS¡8P]mpH_`[&^OP¥acPTOU&¥gq[\GIHSVgKG
¥SVgZ[VooRTPTX[YiPQSWORTH¡WHR#YiS8SWRT_[VRQRTSPQOUYiSXSWG)dPTOH}YbDHG
CEDP]_"RTHw_bac_§YbHGPTRTRZd2HwX[VRQRTHmYbDHi °¯¨®4jk	Qlhm	T
L^¨® f H>f$SV>¤V*¥SVg&_bDSVgbY J
CEDHhoR][\O
S\cYiDPT_[\gbYbP]XRTH¢PT_[V_¥SWRQRTS&_  Hhgi_§Y£ogiH_bHO8Y
YbDH!ogiPQO,XPToRQH_0S\¢YbDHR °\¯¨®>
	Qnhm	TnL^¨® f PTOi*cHX"C
YbPTSVOJwCEDHO`¢·HAHpo,S8_§H[\O¬PTGIoRQHGIHO8Yi[\YbPTSVO _iXqDHGIH
PQOo*pHX¨YiPQSWO¬v  HogiH_bHO8Y[VmmpPYiPQSWO[\Rh¥H[Yi^giH_
PTOp*cHX"C
YbPTSVOzs,c*pHX¨YiPQSWOq#mH_iXgiPQd2H_ZHpo,HgbPTGIHO8Yi_0[\O,mYbDHPQg0giH&C
_§^RYq_r*cHXYbPTSVOo!wogiH_bHO8Yi_gbHRT[\YbHm«·SWgbGp_w¤$PQO[VRQRTaV<·H
ogiH_bHO8YE¥^pYb^giH
_§H[\gqXqDmpPTgiHX¨YiPQSWO_PQOl*cHX¨YbPTSVOzt[\OmXSWO C
XRT^mpH
PTOs*cHXYbPTSVOu
t>t uwvgxyz
s  °W²M	Qq°³ ª>²\³
 ¸	$  
	
  !"$#&%'(!)$
µ¶> P]_ª_bo,HXPQHmw[V_0["ogiSVo2HgbYkaSV-o,[\gbYi_ªS\h[z><q²
k	Q+*HV UT<YiSd2H [ mpHXR][\gq[YiPQSWO PQO¸[¬ogiSVUWgi[VG ,RQHWZSVg
YiSXSVOXHgiO{¡[VgbP][\dRQH-,2}µ¶> mpHYbHgiGIPQOH_}[z> 
	T
DP]XqDzXSWO8Yi[\PTO_EHp[WX¨YiRQaA[VRQR`YbDHo,[\gbYi_SVYiDH"><q²T
	Q
YiD[YA_i[YiPT_§¥a¬YiDH{ogiSVo2HgbYka*HV UT<[VRQR&mpHXR][\gq[YiPQSWO_!S\
[
ogiSVUWgi[VG RTHV  HogiSVo2SW_bH["_bXqDHGIH
d8aDP]XqD{ogiSVo2Hg C
YiPQH_[VgbH[\Y§Yi[WXqDHm YiSzo[\gbYi_)S\&[RTHA[V^pYbSWGI[\YbP]X[VRQRTaw¡cP][
ogiSVUWgi[VG"_ZX[VRQRTHm¬®4¯b°\±²³´q¯q¨ *cS`[A¡8PTH RQH!P]_0mHYbHgEC
GIPTOHmdcaXSVGIo[VgbPTOUYbDHogbSWo,Hg§YiPQH_[Y§Yq[VXqDHmYiS"o[\gbYi_
SVRTH[\O,mYiDH
ogiSVo2HgbYkaIYbD[\YZ_§o2HXPH_EYbDH
¡8PTH

CEDH)GIS8_kY0UVHOHgq[\R`ogiSVo2HgbYkaV/. YiSAd2H["o,[\gbYZS\<[I,RQH+0q
mpHYbHgbGIPTOH_[ ¡cPQH¶,RQHwYbD[\YAPT__§PTGIoRTa [ XSVoca S\}YbDH
¡cPTHHm",RQHWhC£ScSI_§o2HXP,X0ogiSVo2HgbYbPTH_cHV UT1. YiSd2H
[!mHX"C
R][\gq[YiPQSWOw[\Om [XSVGIGIHO8Y0¨`mpHYbHgiGIPQOH!¡cPTH,RQH_ªDHgiH
OSAo[\gbY&S\-YbDH¡cPQH·HmA,RQHP]_&ogbH_§HOWYCEDPT_ZRT[\Y§YbHgYGcPQO,m
SV$¡cPTH/P]_&X[\RTRQHm­gfYa® ^
LZ_bH¥^R$ogiSVo2HgbYbPTH_[VgbH_bSVGIHDHgiH
d,HYk·HHOYbDHGISW_§Y
UWHOHgi[VR&ogiSVo2HgbYkaV&[\O,m YbDH S¡VHg C _§o2HXP,XSWOH_fhgiSVo C
Hg§YiPQH_[\OmwYbDHUVHOHgq[\RTPYka{SWgimHgiPQOU¥SVgiG [mpPTgiHX¨YiHm«[ C
XacXRQP]XUVgq[\oD H4[4F&µ&L J`x{SVgiHS¡WHgmpPQ2HgbHO8Y0ogiSVo2HgbYbPTH_
G"[a_bo,HXPQ¥a"YbDH
_i[\GIH0¡8PTH
cHW U,Q1.kYbS!d,H
[!mpHXRT[Vgi[\YbPTSVO/0
[VOm2. YiS{d,H[{mpHXR][\gq[YiPQSWO [\O,m OS\Y)[XSWG!GIHOWY0"mHYbHgEC
GIPTOHYbDHª_i[\GIH¡cPQH RTHV  HZ_i[aYbD,[Y3.§OSXSWGIG!HO8Y0PT_
OSVY}[ogiSVo2Hg! ±2´¯bgfI±®-S\4.§mpHXR][\gq[YiPQSWO/0q
CEDP]_0OS\YiPQSWO
P]_
¥SWgbG"[\RTRTa mpHOHm«PTOo*cHX¨YbPTSVO J #p 9 S\YiHIYbD[\Y$.§mHXR][ C
gq[YiPQSWO/0GI[ad2H[AogbSWo,Hg) ±´¯bgf"±,®SV5.kOSXSWG!GIHOWY0q
CEDHEogiSVo2HgbYka'.kYbS
XSWOXHgbO¡[VgbP][\dRQH6,70·PT_¢[0ogiSVo2Hg-PTOXgiH&C
GIHO8YhSV/.bmpHXRT[Vgi[\YbPTSVO/0<SWORQa
PQ&,P]_-OS\Y-YbDHSVORTampHXRT[VgbHm
YiDPQOU<C·S"mpPQHgiHO8YPQOXgbHGIHO8Yi_SV£YiDH_b[VGIH0ogbSWo,Hg§Yka
G"[a_bo2HXPQ¥aYbDHZ_i[\GIH¡cPTH
-CEDHRTHZ_bac_§YbHG G"[\PTO8Yi[VPQO_
YiDHZgiHR][YiPQSWO_hd2HYkHHOogiSVo2HgbYbPTH_W[\O,m"X[\OXSVGIo^YbHZSWO
mpHG"[\Om{[VRQR`o2SW_i_bPQdRTHPTOXgiHGIHOWYq_EYbS[VOcaAogiSVo2HgbYkaVpYiD[Y
_bo,HXPQ¥ampPQHgiHO8Y&¡cPQH&_
 O _b^GIG"[\giaV[z>¬SWOw[{><q²k	QZPT_0_§o2HXP,Hmzdca
[AogbSWo,Hg§YkaW,PQY0mHYbHgbGIPTOH_0[{> 
	TYiD[Y
XSWOWYq[\PTO_Z[VRQR
o[Vg§Yq_S\$YbDH
¡8PTHHmRTH}YbD,[Yª_i[YiPT_§¥aYiDH
ogiSVo2HgbYkaV[\O,m
PQYImHYbHgbGIPTOH_[\R]_§S [wXSWRQRTHXYbPTSVO SV&ogbSWo,Hg)PTOXgiHGIHOWYq_
 Oz_§Yi[VOm[\gqmARQH_bap_kYiHG¶·SWgim_p[>«SVO{[><q²0
	Q
P]_ª[AmpPQgiHXYbSWgbaYbD[\YªP]_Z[WXXH_b_bPTdRQH)¡8P][["o,[YbD H YbDH)ogiSVo C
Hg§Yka J¨  YXSWOWYq[\PTO_[>l
	Th¥SWgbGIHm"S\[VRQR2o[Vg§Yq_<SV`YbDH
¡cPTHHmARQH
_i[YiPT_§¥acPQOUYbDH0ogbSWo,Hg§YkaWc[VOm_§^dmpPTgbHX¨YiSVgiPQH_
YiD[YZX[\Od,H[WXXH_b_bHm¡cPT[YiDH
ogiSVo2HgEPQO,XgiHGIHO8Yi_
f¢[\gbYi_A[VgbH{giHogbH_§HOWYiHm dca YiDHPTgXScSVgqmpPTO[YiH_IPTO YbDH
¡cPTHHmIRTH*-RTPQOHªOc^Gd,Hgi_·P£YbDH}_§acO8Yi[\"PT_·RQPTOH+C7SWgbPTHO8YbHm
H>HV UThRQP,GVH{G"[VO8a XSWOpUV^gi[\YbPTSVO¬,RQH_[\Om RTSVU­RTH_ J¨ESVg
_§YbgiH[VG PQO8YiHgi¡[VRT_ PQ«YbDH _bacO8Yi[¶PT_ GISWgbH_§Ybgi^X¨Yi^gbHm
H>HV UTG"[\Oca _bSV^gqXH",RQH_ J N·ScSVgqmpPTO[YiH_)[VgbHASVORTa ^,_§Hm
PTOzYiDHYq[\dRTH_ªS\hf-S\>¤V* H2YiDH)^_bHg0OH¡VHg0_§HH_&YbDHGT O C
_§YbH[Vm#YbDH
^_bHgªmpH_bPQUWO[YiH_E¡cPTH&_^_bPTOUIYbDH)ogbSWo,Hg§YiPQH_
CEDHIogiSVo2HgbYbPTH_Z¥SVgiG YbDHo[\YbDwYbSYbDH"mpPTgbHX¨YiSVgiaDHgiH
YiDH
¡cPQH/RTH}gbH_§P]mpH_
9 [¡cPTUW[YiPQSWO­[VGISVOU¡cPQH&_[Vm[\opYq_}ogbPTOXPQoRTH_S\EDPQHgEC
[VgiXqDP]X[VRZO[¡cPTUW[\YbPTSVO`  OYiDH­_i[\GIH­[a [V_DPTHgq[\gqXqDP C
X[VRO,[¡8PTUW[\YbPTSVO¬_§Yi[Vg§Yq_)¥giSVGYiDHG!S8_kYIUVHOHgq[\REmpPTgbHX¨YiS*C
gba H¥HV UTYbDH"gbScS\Y`SVg
[DSWG!HmpPTg J£[\Om­UWS8H_}mpSOwYiDH
DPTHgq[\gqXqD8a¥SWRQRTSPTOU_b^dmpPTgbHX¨YbSWgbPTH_`O[¡cPTUW[\YbPTSVO [VGISVOU
¡cPQH&_{_kYq[\gbYi_¥gbSWG YbDH«GISW_§Y{UVHOHgq[\R0¡cPQH
0[VOm/UWScH_
mpSOYbDHMF&µ&L ¥SVRTRTSPQOU!ogiSVo2HgPTOXgiHGIHOWYq_
µZRQR`YbDP]_PTO8¡WSVRT¡VH__bH¡WHgq[\RGIHXqD[VOP]_§G"_8*
~W{CEDHz ±2²WW ±3_ f"q´:9°±,]f¦dca DPTXqD«Yigi[VO_bm^XHgi_
mpHXSVgq[YiHªo[Vg§Yq_ES\$RTH
PYiDogbSWo,Hg§YiPQH_
JyCEDH \³¯^ ±`_ f"q´:9°±,]f YbD[\Y XSVGIo[VgbH_wYiDH
ogiSVo2HgbYbPTH_"_bo,HXPQ¥a8PTOU«¡cPQH&_E[\O,m¬YiDH{ogiSVo2HgbYbPTH_!YbD,[Y
mpHXSVgq[YiHªo[Vg§Yq_ES\$RTHV
vCEDH±2°\[_8°®7 ±`_ f"i´;9°\±]f dca{DP]XqD ogiSVo2Hg0PTO C
XgiHGIHO8Yq_<SV`¡8PTH ogbSWo,Hg§YiPQH_<[\giH&ogiSVo2SW_bHm"[W_·_b^dmpPTgbHX"C
YbSWgbPTH_
s, CEDH ³a²W°®7 ±`_if"q´:9°±]f!<[V_GISpmpP¥acPTOU [z¡8PTH
G)^_§Y&GISpmpP¥aAYbDH
¡cPTHHmARTH[\OmAYbDH
SVYbDHg¡cPQH&_
CEDH,gi_§Y«YbDgiHH GIHXqD[VOP]_§G"_­PQODHgiPY«¥giSVG GIHXqD,[ C
OP]_§G"_ H¸D[¡VHogiSVo2SW_bHm ¥SVg °=<>b_V>´ <m	QOL^¨® gf
H>l *p¤V*?> uA@ J¨hCEDH}H_b_bHOXH}S\$l *p¤V*PQYEYbSIGIPeW^Hgia8PTOU
[\OmO[¡cPQU8[YbPTSVO!¥SWghRTH_mpHXSVgq[YiHmIPQYbDRTSVUWPTX[\RogiSVo2Hg C
YbPTH_!CEDH!G"[VPQO«mpPQ2HgbHOXHId2HYkHHO«le*¤ * [\O,mwf-S\>¤V*
PT_·YiD[YEYbDHZYiHgiG!PTO[VR2SWdpjkHXYi_S\£YbDH0RTH0_bap_kYiHG [VgbHZRQH_
¥SVg0le*p¤V*2[\Omo[Vg§Yq_S\-RTH
¥SWg&f-S\>¤V* *pSf-SV>¤ *zX[\O
d,H_bHHO[W_["l`SWUVP]Xª¤$PTRQH *cap_§YbHG ¥SVgE,RQH
XSWO8YbHO8Yq_
 O YbDH¥SWRQRTSPTOU_bHXYbPTSVO_#·HIPTRQR$gq_§Y
mH_iXgiPQd2H)YiDH
^_i[\UVHS\ZYbDH  °\¯¨®>jk	Q <m	QlL^¨® f PQYbD [ _bPQGIoRTH
H[\GIoRTHV8YiDHOH0PQRTR2mH_iXgiPQd2HZGISVgiHZogbHXP]_§HRQaYbDH}mpPQ C
¥HgiHO8Y&GIHXqD[VOP]_§G"_S\-f-S\>¤V*
	
B	 CEDGF %'% %!HIJK#&LNM 
µYkacoPTX[\R`_bDHRTR£_bHe8^HOXH}^_bPQOU!f-SV>¤ *SV^R]md,H7*
OPAQSRTUWV8XSY[Z\Z^];R
P _8X[UY&`8_aX[U ,cbed
f _8X[Uhg^i
j Tlk/km7n/U&` , Q=P b i
o gp , i
q Yr[nc_aX[U/Y&`sktU[u/m7n/n^v2w , px\uwv ,cb i
y n[m7U\z[n\Xhg={ f
| }
~ _8X[UY f `8_aX/Uh bd
 n[m7U\z[n\X{ o
PA }
N·SWGIGI[VOm P _§DS&_<YiDHXSWO8YbHO8YS\YbDH
¡cPTHHmlN RTH
Y[Z\Z^];R 
O f QrGZ7Y/YkscZ1z/X[UY/Z/Z^];Re1rlZ\Y/Yk
V/VaU/nlTXcktu7zcRm7nk1pR1U\nlTtXck1uzR1m7n&v
1lZAcm[1rlT\ulaglU/nlTtXck1uzR1m7n
V/Vcm7UlT\p[U1GrtrGZ\Y\YGkUAGr
N·SWGIGI[VOm f G!SW^O8Yi_ZPY0^OmpHg 1rGZ7Y/Yk ^_bPQOUA["UVHO C
Hgq[\R<Ybgq[\O_imp^XHg R7U/nlT1Xck1u7zcR1m7n £[VOm«YbDHA^_bHgImpH,OHm
glU/nlTXk1u7zcRmn YbS[W_b_bSpXP][YiH ogiSVo2HgbYbPTH_YiS o,[\gbYi_S\
YbDHRTHV  O YiDPT_ H[VG!oRQHW)YiDH o[Vg§Yq_wPTRTRd2HRTPTOH_
fhgiSVo2HgbYbPTH_[\giH* YiSDPTXqD/¥^OX¨YiPQSWO/d2HRTSVOU8_YbDP]_RQPTOH
>t
 °\¯¨®>
	Q
 #
1
numbers
line de
bu
gg
in
g
sp
ec
if
ic
at
io
n
2
3
4
5
6
7
8
9
10
properties va
r:
z
va
r:
y
va
r:
x
fu
nc
tio
n:
f2
fu
nc
tio
n:
f
¤$PTUV^giH~7*hµRTHXSVO8YiHcY
H 	
  J¨#D[\Y}[VgbH)YbDH!¡[\giPT[VdRQH_&PTOc¡VSVRT¡VHm{PTOzYbDPT_
RTPQOHH  J\SVg¢mpScH_YiDPT_$RTPQOHD,[¡VH·[	
ª[W_§o2HXY
SWg[ "!	
# 
$
[V_bo2HX¨Y  H·X[\O}gbHogiH_bHO8Y£_§^,XqD[V_i_§S<C
XPT[\YbPTSVO_·dca![)GI[\YbgiPQ	  ±¨&%Aa2¯KKa¯¨®7>¨·DPTXqD¥SVgiGI_hYbDH
k	QI´K\±® W®1H4_§HH¤$PQUW^gbH"~}¥SWgZ[\OPTRQRT^_§Ybgq[YiPQSWO J¨EµoR][VXH
H 1U1Gr1rlZ\Y/Yk71U1Gr J
P]_UWPQ¡WHO YbSogiSVUVgq[\G rlZ\Y/YksZz/X[U
PTO SWgimpHg
YbS­_kYiSVgiH"YbDHARTHXSVO8YbHcYSVO¬mPT_bG«PYiD S\YiDHg
GIHYq[ C m[Yq[I_§^XqD[V_E¡cPTH/RQHXSVO8YbHO8Yi_
O j Q R1u1rGZ\Y\Yk
O o Q('lk
u[m*)/z++c_aX,+lhkArGmGR/_tY_\RTUc_1ZX
Y7z/XcRAUc_1ZX.- Yl Y7z\XcRtUc_1Z1X.-Y f 
/ T7n0- ,  / T7n0- gG / T7n0- l
Y[Z/Z^]:R
N·SVGIG"[\Om o D[W_¢YkSHHXYi_¢¤PTgq_kYWPQYXgbH[YbH_<[">
k	Q Y/Z/Z^];R DP]XqDAXSVO8Yi[VPQO_hYbDHªo[\gbYi_<S\RTHªXSVgigbH_§o2SVOm C
PTOU&YiS&YiDPT_$mpPTgbHX¨YiSVgiaV£µª_`YiDH·mpPTgiHX¨YiSVgiaZP]_`YiDH<giScS\Y£SVpYbDH
GISV^OWYiHm0RTH<_bap_kYiHG H 1rlZ\Y/Yk PQO}YiDHhHp[VGIoRQH J¨OSogiSVo C
Hg§YiPQH_D[¡WH"d,HHO _bHRTHXYbHm«aWHY[VOm­YbDH¡cPQH PTRTR·D[¡WH
Hp[WX¨YiRQaAYbDH)_i[\GIHXSVO8YbHOWYq_[V_EYiDH¡cPTHHmRTHVd*cHXSVOm#
PQY
ogbH_§HO8Yi_ªO[¡cPQU8[YbPTSVOwPQOXgbHGIHO8Yi_ªYbSYbDH^_bHg
[W_0_b^d C
mpPTgiHX¨YiSVgiPQH_IH>[W_ Y7z/XRtUc_1ZX0-Y  u[m*)\z,++c_aX+ - JCEDSW_bH
_b^dmpPQgiHXYbSWgbPTH_}XSWgbgiH_bo2SVOmYiSogbSWo,Hg§YiPQH_ZYiD[Y[WX¨Yb^,[\RTRQa
giHOH}YbDH
X^gbgiHO8Y¡cPQH
PYiDSV^YEG"[G8PTOUIPQY&HGIopYkaV
O q Q R1uhY7z/XcRAUc_1ZX.- Y
N·SVGIG"[\Om q giH,OH_YiDH
¡cPQH
_§HRQHX¨YiPQOUIo[Vg§Yq_ES\$YbDH
¡cPTH ,RQH{D[¡cPTOU YbDH1 	
   ogbSWo,Hg§YkaW CEDH{X^gEC
giHO8Y{mpPQgiHXYbSWgba XqD[VOUVH_YiS 1rGZ\Y/YGk77Y7z/XRtUc_1ZX2-Y ·[\O,m
YiDPT_ªo[\YbDzXSWgbgiH_bo2SVOm_PTO8YbHgiO[VRQRTaAYiS[l	WK_\>´q°M	 \³¯^2PTO
YiDPT_ZX[V_bH3 $
  $
O y Q('lk
u[m*)/z++c_aX,+lhkArGmGR/_tY_\RTUc_1ZX
/ T7n0- ,  / T7n0- gG
Y[Z/Z^]:R
1
numbers
line de
bu
gg
in
g
sp
ec
if
ic
at
io
n
2
3
4
5
6
7
8
9
10
properties va
r:
z
va
r:
y
va
r:
x
fu
nc
tio
n:
f2
fu
nc
tio
n:
f
> ls
var:x/  var:y/> cd function:f
specification/
debugging/
¤$PQUW^gbHJl* 9 [¡cPQU8[YiPQSWOAPTO[RTH
XSWOWYiHcY
µZUW[VPQO`\XSVGIG"[\Om y _§DS&_DS¬[ªOH ¡cPTH ,RQH Y[Z\Z^];R
D[V_ªd2HHO­XgiH[\YbHm`XSVO8Yi[VPQOPQOUAYbDP]_ªYbPTGIHRTH_i_ZRTPTOH_ªYbD,[Y
YbDH­¡cPQH·Hm RTHVª[VOm _bDS&_DS YiDHwogbSWo,Hg§Yka PQO,XgiH&C
GIHO8Yi_E[\giH&giHR][YiHmIYiSYbDH0X^gbgiHO8YEeW^HgiaVA OmpHHm#c^OmpHg
rGZ7Y/Yk77Yz/XcRtUc_tZX.-Y  / T7n0- P]_-OS}RTSVOUWHg$RQP]_kYiHm![V_¢[VO)PTO C
XgiHGIHO8Yc[W_hYiDH}X^gigbHO8Y·¡cPQH RTH H>DPTXqDXSWOWYq[\PTO_·SVORTa
YbDHªXSpmpHES\2YbDH Y ¥^OXYbPTSVO J¢XSVO8Yi[VPQO,_-OS}RQPTOH&^_bPTOU}¡[VgbP C
[\dRTH  H>_bHH{¤$PTUV^giHzJz¥SWg"[\O PQRTRQ^,_kYigi[\YbPTSVO J xzSVgiHS¡VHg
Y7z\XcRtUc_1Z1X.-Y PT_[\R]_bS
OS\Y<RTP]_kYiHm"d2HX[\^_bHEYbDP]__§^dmpPTgbHX¨YiS*C
gbaImpScH_<OS\Y·gbHOHYiDHZ¡cPTH
Vd^pY£jk^_§Y·UWHOHgi[\YbH_¢H[VXYbRTa
YbDH_i[\GIH}¡cPQH [W_YbDHX^gbgiHO8YSVOHV
O | QSR1u54`u[m*)/z,++c_aX,+ 6kArGmGR\_tY_7R1TUc_AZX b
N·SWGIGI[VOm | PTRQRT^_§Ybgq[YbH_ YiDH o2SW_i_§PTdPTRQPQYbPTH_ S\
YbDHye8^Hgia R][\OUV^[VUVHVXSWG)dPTOPTOU OHUW[\YbPTSVO H¥giPY C
YbHO 4 J [\Om mpP]_¥jk^OX¨YiPQSWO H¥giPYbYbHO 6 J CEDH _bRT[W_§D
X[VO d,H gbH[Vm [V_ [ XSWOjk^OXYbPTSVO` _bS YiDH o[\YbD
1rlZ\Y/Yk7Y7z/XcRtU_1ZX.- Yl741`u/m*)7z,++_8X+ 6 kArGmlR/_AY_\RtT7U_tZ1X b
XSWgbgiH_bo,SWOm_RTSVUVP]X[VRQRTaIYbS
 	
  98;:.<&=
?>;"!	
# 
$
A@i
O ~ QB'lk
/ Tn0- ,  / Tn0- gG
Y[Z\Z^];R
O  QSRTUY/Z/Z^];R
_aX/U Y&`s_aX[U ,cbd
_aX/Ug^i
]/]\]/]/]/]/]\]/]/]/]/]\]/]/]/]C-sP
gp , i
]/]\]/]/]/]/]\]/]/]/]/]\]/]/]/]C- f
nlmU\z[n\Xhg={ f
}
]/]\]/]/]/]/]\]/]/]/]/]\]/]/]/]C- j
t>t uwvgxyz
!  °W²M	Qq°³ ª>²\³
                                                                                                                          


                                                            
                              1
numbers
line de
bu
gg
in
g
sp
ec
if
ic
at
io
n
2
3
4
5
6
7
8
9
10
properties
cd function:f/!(debugging|specification)
n
o
t
no
t
line #1
line #2
line #4
line #6
line #7
va
r:
z
va
r:
y
va
r:
x
fu
nc
tio
n:
f2
fu
nc
tio
n:
f
...:1
...:2
...:3
¤$PTUV^giH
vl*kN·giH[YiPQSWOASV-[!¡cPQH
N·SVGIG"[\Om ~ _bDS&_YbD,[Y£YiDHhRTPT_§YSV_§^dmpPTgbHX¨YiSVgiPQH_#D[V_
d2HHOAgiHmp^XHmYbS / T7n0- ,![VOm / T7n2- g H>_bHH}[\R]_§S)¤$PTUV^giHªv J¨
N·SWG!G"[VOm  _§DS&_YiDH
XSWOWYiHO8YS\$YbDH}¡cPTH RQHWhl`PTOH_
OSVY<_b[\YbP]_k¥acPTOU}YbDH&X^gigbHO8Y¢e8^HgbaD[¡VHEd2HHO,RYiHgiHm!SV^pY
[VOmAgiHoRT[WXHmPQYbD_§o2HXPT[VRVfI°\¯¨RTPWGWH ]\]/]/]/]/]\]/]/]/]/]-sP
OPA[QRTU Y[Z\Z^];R 6 km\uV1mSk7gG7QY[Z/Z^]:R
N·SVGIG"[\Om PA _bDS&_!YiD[Y"YiDHz¡cPQH&_[\giH«³a²W°® °g	Q
>-¨-[\Om«X[\O­d,HGISpmpPQHm­dcaw[VO8azYbScSVR]_CEDH"HHX¨Y
SVYiDPT_ZXSVGIG"[\O,mP]_EYiS!giHoRT[WXH
[\RTR`SpXX^gbgiHO,XH_SV g ` ±
®9!´³p¯¨¯i±,®<>sk	QPYiD  
OP/PtQ 'lk
/ T7n0- ,  / T7n0- l
Y[Z/Z^]:R
N·SVGIG"[\Om P/P _bDS&_-DSGIScmP¥acPTOU
YbDH¡8PTH [HXYi_
YiDH)ogiSVo2HgbYkaAPTOXgbHG!HO8Y H>XSVGIo[\giH
PQYbD{giH_b^RYªS\hXSWG C
G"[\O,m ~ J
OP f Q"r	[u
1rGZ\Y\Yk77Y7z\XcRtUc_1Z1X.-Y[41`:u\m*)/z++_aX+ 6karlmlR[_aY_\R1TU_1ZX b 
OP j QR1u 1rGZ7Y/Yk
OP o QRTU Y[Z\Z^];R
_aX[UY&`8_aX/U ,cbd
_aX[U i
TGk/kmn/U ` , Q=P b i
p , i
Y7r[nc_8X[U[Y&`skAU[u[m7n/n v?w , px/uwv ,cb i
nlm7U\z/n\XW{ f
}
_aXlYY f `8_8X[Uh bed nlmU\z[n\X{ oS}
¤$PQO[VRQRTaV\XSVGIG"[\Om P o _bDS&_`DS­GISpmpPQ¥acPQOUªYbDH·¡cPTH
[\2HX¨Yi_ZYbDH)S\YiDHgª¡cPQH&_2dcaogiSVo,[\UW[\YbPTOUIYbDH)GISpmpP2X[ C
YiPQSWO`
	

 7% !J!%'H
µ,RQHZYbgq[\O_imp^XHgh¥SWg<f-S\>¤V*A[Y§Yq[VXqDH_<[)ogbSWo,Hg§YkaYbSH¡ C
Hgia o[\gbYAS\)[¬RTHV CEDH mpHOPQYbPTSVOSV)[¬o[Vg§YX[\Od2H
RQPTOH+C7SWgbPTHO8YbHm5HVP7 HVTVo[Vg§Yq_¢[\giHRQPTOH_-µ&RQYbHgiO[\YbPT¡VHRTaVWPYX[\O
d,HI_§Ybgi^X¨Yi^gbH+C7SWgbPTHO8YiHm5HP7 HWQo[Vg§Yq_ªXSVgigbH_§o2SVOmYiSAOSpmpH_
S\YiDH«[\d_§Ybgq[VXY_§acO8Yi[\ YbgiHHwSVYbDH ¡cPTHHm RTHV ¤SVg
YbDH_b[GVHIS\&_bPQGIoRTP]XPQYkaV-·HAPQRTR<SWORQa«mpH¡VHRTSVo­YiDHRTPQOH+C
SVgiPQHO8YbHm"X[V_bHZPTO"YbDPT_[\gbYbP]XRTHV  O">[WX¨YcSWo,Hgi[\YbPTOU_§ap_§YbHG
PT_i_b^H_mpSIOSVYZmpHo2HO,mSWOAYiDP]_SVgiPQHO8Yi[YiPQSWO`
*pH¡VHgi[VRVYigi[VO_imp^XHgi_$X[VO)d2HEUVPT¡VHO)YbSªYbDH rGZ\Y/YGkscZz/X/U
XSWG!G"[VOm5H#f-S\>¤V*{PTRTR$X[V_iX[VmH
YbDHG}CEDPT_ªG"[MGVH_&YiDH
_§ap_§YbHGyH[V_bPQRTaHcYbHO_§PTdRTHV ¤SVg H[\GIoRTH YbSmpH,OH[
GIHGISVgia GI[VO[\UWHGIHO8Y[V_bo,HX¨YªSVOHAjk^_§YD,[V_AYbS giPQYbH
[I_bXgbPTopYZ_b^XqD[W_s*
Y[ZnSm/TlRA 'G_aXGm
_AY 'G_8XGm cT7URa
` cT,''\ZGR 6R1T,''\ZGR76 XGm	 6Bu[m'\m7U[m06BY\nlm7m b
U7GmXhr[nc_aX/UWw;cmAcZn/gGacT1XGTC+1cm1X/UAXw
m'lkmer[nc_aX/UWw1Xw
[\OmIo,[V_i_hPQY<YbSYbDHYiDH rGZ\Y/Yk+cZz/X[U XSVGIG"[\Om`WPQYbDSW^pY
Yi[G8PTOUIPTOWYiS"[VXXSV^O8YS\YiDHgEYigi[VO_imp^XHgi_
µ Yigi[VO_bm^XHgªP]_}[OPYiHI_§Yi[\YbH!G"[VXqDPTOHV`_bSYbD[\Y0YiDH
PQO,mpHpPTOUIS\¢[o,[\gbYG"[aAmpHo,HOmSVOogiH¡cPQSW^_RQPTOH_h¤SVg
H[\GIoRTHV-giHGIHGd,HgbPTOU{PTO¬D[\Y¥^OXYbPTSVO¬d2Spmpa­[zRQPTOH
RQPTH_ho2HgiGIPYq_)YiS­[Wmm YiDHogiSVo2HgbYka  	
   YiSwYiDH
RQPTOHWªCEDP]_ª_bDS&_EYiD[Y0H¡WHOzPQYbD{YiDH)RTPTOH&C SVgiPQHO8YbHm{[Vo C
ogiSW[VXqD_kYigb^,X¨Yb^gbHmm[\Yi[IX[VOd,H
[\O,[\RTa`+Hm#
µYbYi[WXqDHmogiSVo2HgbYbPTH_[VgbH}giPYiHOPQOz[IRTSVUWPTX0R][\OUW^[\UWHV
DP]XqD P]_I^_bHm ¥SVge8^HgbacPTOU­[VOm O[¡cPQU8[YiPQOU,µ RTSVUWPTX
PT_}mpHOHmzdcaz[AR][\OUV^[VUVHI#P7 HWQPQYi_ª¥SVgiG)^RT[W_#[\O,mz[\O
HO8Yi[VPQRTGIHO8Y£giHR][YiPQSWOZYiD[Y£P]_`^,_§^[VRQRTaZgiPQY§YbHO   ( 
GIH[\O,_
YbD,[YPQ  P]_Yigb^HV$YbDHO  G^_kY!d,HAYbgi^H"YiS8S,
¤SWg)PTO_kYq[\OXHV  8   DSVR]m_
PTO¬ogiSVo2SW_bPQYbPTSVO[VR¢RQSWUVP]X\
l`HY d2H
YbDH_§HY&S\¢[\RTR`SVdpjkHX¨Yq_PQOYiDH
RTHIH¥SWdpjkHXYi_&[VgbH
o[\gbYi_<S\#RTH6J J¨p[\O,m  < @<d2H&YbDH0XSVO8YbHOWY·S\#YbDHZSVdjkHX¨Y.c
Ybgq[\O_imp^XHgq_¢PTG!oRQHG!HO8YE[}¥^OX¨YiPQSWO YiD[YE[V_i_§SpXPT[\YbH_¢YbS
H[WXqDSWdpjkHXY ![¥SVgiG)^R][ <  @mpH_bXgbPTdPTOU)YiDH
SVdjkHX¨Y
 OzYbDH!X^gigbHO8YZogiS\YbSVYkaco,HWYbDH!mpH_bXgbPTopYiPQSWO{S\h[\OzSWd C
jkHXY!P]_)RTPTG!PQYbHm«YbS­[wXSVOjk^O,X¨YbPTSVO S\Z[YiSVGIP]X"ogiSVo2HgbYbPTH_
H¥d^YAeW^HgiPQH_"X[\O d2H[VOca ¥SVgiG)^R][V_ J¨@*cS,<Yigi[VO_bm^XHgi_
[VXYb^[VRQRTaAgiHYi^gbO¥SWg&H[WXqDRQPTOH H>SVgYiSGVHO J["_bHYZSV¢ogbSWo C
HgbYbPTH_CEDPT_ª[V_i_§SpXPT[\YbPTSVOX[\O{d2HgiHogiH_bHO8YiHm[V_PTOw¤$PTU*C
^giH!~
dcaA[!G"[YigbPQ
& %9!&=! 
&W
 O,mpHpPTOU¬P]_AXS8_kYiRQaW_§S«YiD[YAHzD[¡WHYbgiPQHm YbS RTPQGIPQY
PYwµY!_bSVGIHo2SVPTO8Yi_¢[Ybgq[\O_imp^XHgG"[a«XSWG!HAd[VXGwYbS
PYq_"PTOPYiPT[VRª_§Yi[\YbHVCEDPT_"GIH[\O_IYiD[Yo,[\gbYi_Id2H¥SVgiHYbD,[Y
o,SWPQO8Y<mpS
OS\Y¢PQOw(^HO,XH&o[Vg§Yq_-d,HaVSWOmYiD[Yho2SVPTO8Y¢CEDH_§H
o,SWPQO8Yq_·[VgbHgiHXSVgqmpHmI[V_&^±2´;9c¯b\±! °®7± aI ±,®>¨  £[}RTH
PT_&G!SpmpPQHm[\YZ_§SWG!H}o2SVPTO8Y[\O,mG^_§YEd2H
giH&C PQOmHpHm#pPQY
PT_IHOSV^UVDYbS«gbH+C7PTOmpH YbDH,RQH{_§Yi[\gbYbPTOU ¥gbSWG YbDH{RT[W_kY
_§acOXqDgbSWOPW+[YiPQSWOo2SVPTO8Y0d2H¥SWgbHYbDH!GIScmPHm{o2SVPTOWY#[\Om
HOmPQOUI[YEYiDHZ,gi_§YE_bacOXqDgiSVOP,+[\YbPTSVOo2SVPTO8YSV£YiDHªGISpmpP C
HmRTHZYiD[YEPT_E[VRT_bS[_§acOXqDgiSVOPW+[YbPTSVO"o2SVPTO8YSV`YbDHªSWRTm
RTHV
>t
 °\¯¨®>
	Q
 t
	
   F' D!%'H #WK
©ªPQH&_[VgbHmpH_§PTUVO,[YbHm PYiD ¥SVgiG)^R][V_ YbD[\Y _bHgi¡VH[V_
o[\YbD_ 6<[WXqD¸mPQgiHXYbSVgiaXSWO8Yi[\PTO_{[ ^OP]e8^H >O
	T
DP]XqD{XSWOWYq[\PTO_·YbDH_bHY&SVRTPQOH_&_i[YiPT_§¥acPQOU!YiDH
o[YiD`
 O YbDH{X^gbgiHO8YIogbSVYbSVYka8o2HV<YbDHRTSVUWPTXPT_!YiDHRQSWUVP]XASV
ogiSVo2SW_bPQYbPTSVO`
"ª^HgiPTH_h[VgbHHPYiDHgE_§PTGIoRTHZ[YiSVG"_:H>HV UTC J¨
OHUW[\YbPTSVO_S\&¥SWgbG^R][V_.H¥HV UT: DJ·mpP]_>jk^OX¨YiPQSWO_!S\&¥SWgEC
G^RT[W_H¥HV UT  >  7> J¨cSWgXSVOjk^O,X¨YbPTSVO,_·SV`¥SVgiG)^RT[W_
H>HV UT<  >. *@ 8.8 < : @ J¨$CEDH·HO8Yi[\PTRTG!HO8Y$giHR][YiPQSWO
PT_
YiD[Y}S\h^_b^[VR$ogbSWo,S8_§PQYbPTSVO[VR`RTSVUVP]X\}CEDH_§H)¥SVgiG)^R][V_ª[\giH
giPYbYbHO T  4T  TcP 6 T f 6 T j [\Om `;TP 6 T f b
	 `;T j b
	 `4T o b-PTO
YiDH"XSVO,XgiHYbHI_ba8O8Yq[#)CEDHI_§R][V_bDwP]_}giH[Vmw[V_}[XSVO\jk^OX"C
YiPQSWO` *cPTG!oRQH­[YbSWG"_AX[VO d,Hw¡[VRQ^Hm [YbYbgiPQd^pYbH_ CEDH
e8^Hgba RT[VOUV^[VUVH¬_b^oo2SVgbYi_zXSVGIo[VgbP]_§SWO[VOm¸G"[YqXqDPQOU
SWo,Hgi[\YbPTSVO_<SVO[YbYbgiPQd^pYbH_<¡[\RT^Hm"dca!PTO8YbHUVHgq_¢SWg·_§YbgiPQOU8_s*
HW U,Q R1uWwaYz/XcRtUc_tZX.-AY ]:{lw H>P4 HVT}_§HRQHX¨Y­[VRQR)¥^OXYbPTSVO_
DS8_§HwO[\GIHw_§Yi[Vg§Yq_PQYbD/[VO   J¨ FZH_bXgbPTopYiPQSWO_G^_kY
d2H"XSVO\jk^OX¨YiPQSWO_ªS\·[\YbSVGIP]X¥SWgbG^R][V_2d^pY}[VOca¥SWgbG^R][
X[\O{_§Hgb¡WH0[W_[IeW^HgiaV
CEDH eW^Hgia GIHXqD[\OP]_bG XqDHXGp_ PQ [ XSVOjk^OX¨YiPQSWO
SV ogbSWo,Hg§YiPQH_ _b[\YbP]_kH_ [ e8^HgiaV  OM[ mPQgiHXYbS*C
gia !YbDHz¡cPTH¦RTHwXSWO8Yi[\PTO_ < @   "< @   !V
6& UT/PTOMYbDH XSWOWYiHcY S\ Y[Z/Z^];R  RTPQOHJ d,HRQSWOUW_
YiS YiDH¡cPQH RTH¸S\«mpPQgiHXYbSWgba Y7z/XcRtU_1ZX.-Y d2HX[V^_bH
 	
  98  ( 	
   CEDH  <  @{[\giH­[VR C
E[ap_mPT_boR][aVHmPTOYiDH
SVgqmpHgSV£YiDH
¡cPQH·HmRTHV
	
 #!H^#l%!H 1 % K"
fhgiSVo2HgbYka PQO,XgiHGIHO8Yi_DP]XqD [\RTRQS YiS giHOH/¡cPQH&_
[VgbH ogiSVo2SW_bHm¸YiS/YiDH ^_§Hg [V_«_§^d2mpPTgiHX¨YiSVgiPQH_ xzSVgiH
¥SWgbG"[\RTRTaV¬RTHY  d,H YbDH _bHY¸S\ [\RTR«ogbSWo,Hg§YiPQH_ RTHY
 $< !@  !  &< @   !MH YiDH&HcYiHO_bPQSWOSV! J¨VYbDHO
YiDH_§HYS\E_§^dmpPTgbHX¨YiSVgiPQH_#" PQO [mpPTgbHX¨YiSVgia ! PT_
[ C
OPQYbH"_b^d_bHY
S\%$ & ' )(+*  $<   83!@,*  $< !@-W
CEDHI_b^d_bHY}PT_}XqDS8_§HO{YbSXS¡WHgª[VRQR¢mpPQHgiHO8Y0HcYbHO,_§PTSVO_
 $<  8 !@¨p6& UTh[Y"_kYiHop! S\ªYbDHgi^OOPTOU­H[\GIoRTHV
/ T7n0- ,"P]_["_b^d2mPQgiHXYbSVgia"S\ Y7z/XcRAUc_1ZX.- Y d,HX[V^_§H
 $<   8  	
   @
  $< C @/.  $<  	
   @   0123415
*  $<  	
   @¨
9 S\YbH}YiD[Y
 $<   8  @ ( $<  @.  $<  @¨
 $<   >  @ ( $<  @6  $<  @¨
[VOm; $< :  @ ($879! 
7;  $< $<  @ @q
f-S\>¤V*ogbS¡cP]mpH_"[VRT_bS­G!HXqD[\OPT_bG"_!YbS«UVgiSV^o giHR][YbHm
ogiSVo2HgbYbPTH_YiSVUWHYbDHgpPQOSVgqmpHg·YiS"gbHmp^XHªYiDH
Oc^G)d2HgSV
[VO_§Hgq_EPTO 'lk <¤SVgPTO_kYq[\OXHVmPQgiHXYbSVgiPTH_ Y7z/XRtUc_1ZX0-Yl
[VOm Y7z/XcRtU_1ZX.-Y f  X[\O)d2HEUVgiSV^o2Hm
YbSVUWHYiDHg-^OmHg$YbDH
mpPTgiHX¨YiSVgia Yz/XcRtUc_tZXl{ GI[GcPQOUYbDH0O[¡cPQU8[YiPQSWO"ogbSpXH_i_
>[VgZGISVgiHXSWO8¡WHOPTHO8YFªPQgiHXYbSVgiPTH_&X[\O{[\R]_§S"d2HUWgbSW^o,Hm
dcaYbDH!^_bHg0PQOzYi[pSWOSVGIPTH_ªµZ_ZYbDH_bHGIHXqD,[\OP]_§G"_ª[\giH
e8^PQYbH XSWG!oRQH[VOmPTODHgbPQYbHm¸¥gbSWG le*p¤V*}H giH¥Hg
YiS2> uA@£¥SVgGISVgiH}PQOp¥SWgbG"[\YbPTSVO`
	
:9 ;M !#%l%'H
µZ_ª·H)[VOWYZYbSd2H[VdRQHYbSA^o2m[\YbH¡8PTH&_f-SV>¤ *{OHHm_
YbS gbHG!HG)d2Hg­D[Y­D[V_ d2HHO RQYbHgiHm SV^pY­¥SVg d[VXG C
ogiSVo[VUW[YiPQOU«[VO ^o2m[YbHwYbS«YiDHw¡cPTHHmRTHV  H [\R]_§S
OHHm YiS G"[MGWH"YbDHGIP]_b_bPQOU o[Vg§Yq_HcoRQP]XPQY!PTO¬YiDH¡8PTH
RTHV OmpHHm##PQY}G)^_§Y0d2H!¡8P]_bPQdRTH!P·[OH RQPTOH!PT_0[VmmpHm
d,H¥SVgiHSVg[\ YbHg[GIPT_i_bPQOU{o,[\gbY¤SVg)PQO_§Yi[VOXHW$[W_b_b^G C
PQOU[{_iXqDHGI[\YbP]X)¡cPTH T ]/]/] ) `DHgbH ]/]/] gbHogiH_bHO8Yi_
YbDH0GIPT_i_bPQOU)o[\gbY TSR ]\]/] ) X[\OOSVY·d2HªmpP]_§YbPTOUV^P]_bDHm
¥gbSWG T ]/]\]?R ) P-YbDH)o2SW_bPYiPQSWOSV-YbDHGIP]_b_bPTOUo[Vg§Y&P]_
OS\Y$_§DSO£>*cSf-S\>¤V*}PTO_bHgbYi_`_bo,HXP][\R\G"[VgbGp_#PTO}YbDH<¡8PTH
RTHH¡WHgia8DHgiH0o,[\gbYi_D[¡WH
d,HHORQYbHgbHmSV^pY  O{SVgqmpHg
YbSIOSVYEo2SVRTRT^pYbH}YiS8SIG^XqDYiDH}RTH0PQYbDG"[\gKGp_cSWORQaASVOH
G"[\gKG­P]_!UVHOHgq[YiHm­¥SVgIXSWO_bHX^YbPT¡VHAGIP]_b_bPTOUwo[Vg§Yq_  O
SVgqmpHg<YbS)mH_bPQUWO[YiH&GIPT_i_§PTOUo,[\gbYi_:H>HV UTVYiS)GIS¡VHEYiDHGIJ
[I^OP]e8^H
Oc^G)d2Hg&P]_&[W_b_bSpXP][YbHmYiS"H[WXqDG"[\gKG  H)PQRTR
[\R]_§S"_bHH}PTO_bHXYbPTSVOs"[\OSVYbDHg^_§H0¥SWgEYbDP]_Oc^G)d2Hg
*pSV[ª¡cPQH RTH·P]_¢XSWG!o2SW_bHmS\2[0_bHY-S\,RTPTOH_-_i[YbP]_§¥a8PTOU
YbDH"e8^HgbaW[VOm­[A_bHY
S\<G"[VgbGp_2PTO8YbHgbO[VRQRTa{giH¥HgigiPQOUYbS
RQPTOH_&PTO{YbDH¡cPQH·HmA,RQHW L&om[YiPQOU["¡cPQHRQH)PQOc¡VSWRQ¡WH_
[\O ^o2m[YbHISV<YbDH!¡cPTHHmzRQHI[\O,mzS\·YbDHIogiSVo2HgbYbPTH_ªS\
H[WXqD!o,[\gbYhS\RTHV¢CEDH^om[YiHmI¡cPTHHm!RTHPT_·XSWG!o2SW_bHm
S\-[OH/_bHYS\$RQPTOH_pDP]XqD[\giHZYiDH}RQPTOH_YiD[Y&[VgbH0DP]mDC
mpHO dca[AG"[\gKGPTO{YiDH^o2m[\YbHmz¡cPQH¸RTHV`[\O,mYbDH!¡cPT_EC
PQdRQH!RQPTOH_ªPTOzYiDH!^o2m[YbHmw¡cPTH,RQHW}CEDHogiSVo2HgbYbPTH_ªS\
H[WXqD{RQPTOH[VgbH)^o2m[YbHm{dcagiH&C [\ooRQacPTOU"YiDHYigi[VO_bm^XHgi_
SVOwYbDP]_0^o2m[YbHmz¡cPTHHm{,RQHWnHGIHGd,HgZYiD[Y#YbD,[\OwGp_
YbSAYbDHI_§acOXqDgbSWOPW+[YiPQSWOo2SVPTO8Yi_gbH+C7PTOmpHcPTOUPT_0[VXYb^[VRQRTa
mpSVOH0SWORTaASVO[I_§HX¨YiPQSWOSVYiDH
¡cPQH·HmRTHV
< = &	$q$%     } #	8.¢
	-
6<[VXqDARQPTOHZSV#YbDH0¡cPQH·Hm!RTHªP]_<giHogbH_§HOWYiHm!dca"[\OPTO8YbHg C
O[\R-SWdpjkHXY0P]mpHO8YiPHg ZG_ CEDHIm[\Yi[A_§Ybgi^XYb^giHP]_0H_i_§HO C
YbP][\RTRQa­[G"[YbgiPQ Z*)4>\mGRtUcVQtr[nlZrGmn/U_1m[k _§YbSWgbHmwSWO mpPT_bG
 Y{gbHogbH_§HO8Yi_AYbDH«GIHYq[ C m[Yq[  @?	 % !&=! 
&«PTO C
¥SVgiG"[YbPTSVO£i YIP]_SV YbHO R][\giUVHV¢d^pY_§o[Vgi_bHV«CEDHe8^Hgia
[\OmO[¡cPTUW[YiPQSWO GIHXqD[VOPT_bG"_!^_§HYiDPT_IG"[\YbgiP5H·YbDHPTO C
mpHpPTOUG!HXqD[\OPT_bG RTRT_­PQY PQO`MCS G"[MGWH YiDH e8^Hgia
[\Om O[¡cPTUW[YiPQSWO [VRQUWSVgiPYiDG"_ªGISWgbH!H8XPTHO8Y£f-S\>¤V* [\R]_§S
_kYiSVgiH_ESWOmpP]_bGA[\OPTO8¡WHgbYbHmYq[\dRTH r/nlZrGm7n\U/gcVQ\Z )4>/mGRtUGk 
C£gq[\O,_bmp^,XHgq_ PTOPQYbP][\RTPW+H YbDH G"[YbgiPQ [VRQRTSpX[YiPQOU ¥gbH_§D
OH SWdpjkHXYi_ ¥SWg¬H[WXqD RQPTOHW CEDHgiHPT_[\R]_§S [Yq[\dRTH
Z*)2>/mGRtUcV1QlRZX[U[mX[Uk YiD[Y
[V_i_bScXPT[\YbH_YbSH[WXqDzSVdjkHX¨Y0PYq_
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PQO
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Hm RTHV{¤$PQUW^gbH"s{PTRTRQ^_§Ybgq[YiH_}YiDH_bH
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·H&[W_b_b^GIHEYbD,[Yh¥^O,X¨YbPTSVO Y f PT_hX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line->object
o4
o5
o10
o6
o9
o7
o8
o1
o2
o3l10
l9
l8
l7
l6
l5
l4
l3
l2
l1
object->contents
int f2(int z) {
return z * 4
}
int f(int x) {
int y;
y = x;
return y * 2
}
fprintf(stderr, "x = %d", x)
assert(x > 1);o10
o9
o8
o7
o6
o5
o4
o3
o2
o1
inode(foo.c)
int f(int x) {
int y;
assert(x > 1)
y = x;
fprintf(stderr, "x = %d", x);
return y * 2
}
int f2(int z) {
return z* 4
}
data
marks
m3
m2
m1 o3
o5
o8, o9, o10
i
int f(int x) {
int y;
y = x;
return y * 2
}
................:1
................:2
................:3
data
object->properties
#function:f, #var:x, #debugging
#function:f, #var:x, #specification
#function:f
#function:f, #var:y
#function:f, #var:x, #var:y
#function:f, #var:y
#function:f, #var:x
#function:f2
#function:f2, #var:z
#function:f2, #var:z
o10
o8
o7
o6
o5
o4
o3
o2
o1
o9
property->object
#function:f
#function:f2 o1, o2, o3
o4, o5, o6, o7,
#var:x
#var:y
#var:z
#debugging
#specification
o4, o6, o9, o10
o5, o6, o7
o1, o2
o9
o10
o8, o9, o10
The viewed file
The file context
A view file
cd function:f/!(debugging|specification)
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k
'7m7UZp 'G_aXGmGVQ\Z*)4>\mGRtU '_aX
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kZ UlZS_3] u[T7UlT&i
_AY(`;ZS_\k_aXSZ_\k b 	 _aXcTn 
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_AY(`;ZS_\k XGZ7U=_aXSZ_\k b 	 XGZ7U=_aX1cT7n 
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_5] cT7n 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 "pZ&i
_AY(`;ZS_\k XGZ7U=_aXSZ_\k b 	 _aXT7n 
U\Gm1XST7u/uZhUlZ_3] T7n k	cT7n 
_tY=_aXT7n 
U\Gm1XST7u/uWw]/]/]/]\]/]/]/]/]-sw TX[u"T7n 
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